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1TESTS OF REINFORCED CONCRETE BEAMS.
EFFECT OF RELEASE OF LOAD.
Reinforced concrete is comparatively new but it lias already
become of great importance in engineering and architectural con-
struction, and with the increased demand for permanence and better
appearance in structures a very great extension of its use may be
expected in the next few years. However, to secure this develop-
ment and to promote safe construction, a full knowledge of the
properties and principles appertaining to reinforced concrete is
needed. To meet this need an investigation has been undertaken
under the auspices of a joint committee of four American engineer-
ing societies, of which investigation the tests herein described
form a part.
In most of the tests whicli have been made upon reinforced
concrete beams the method of testing has been to apply the loads
continuously to the point of failure of the beam. This method
gives the general characteristics of the action of reinforced con-
crete beams under stress, but it affords no means of investigating
the effects of the repeated application of loads nor the effect of
time upon the action of a beam either under load or with the load
removed. The fact that in practice beams are subject to conditions
of both repeated and long continued loading certainly v/arrants
a thorough investigation in this direction.
This thesis is one of nine presented at the University of
Illinois on the general subject of "Tests of Reinforced Concrete
Beams" and covering various lines of investigation. It is one of
four which have for their purpose an investigation along the par-
ticular lines outlined above. The purpose of the tests described
O'
2in this thesis was to determine the effect of releasing the load
"between successive reapplications of the increasing load. The ef-
fects of numerous repetitions of the ssime load, of the application
of a constant load for a considerable time, and of the removal of
the load for a time are discussed in the other three theses re-
ferred to above. It is hoped from the results of these tests to
gain a knowledge of the conditions of stress in the concrete and
in the steel reinforcement while the load is being released and re-
applied, and if possible to throw some light upon the subject of
the elastic deformation and the modulus of elasticity of concrete.
It may be stated here that this thesis contains a complete
description of the materials used, the general form and composition,
and the general method of making and testing, for all the beajns
used in this series of tests, the other theses containing refer-
ences to this description. Any special methods of making or test-
ing employed are described in the particular thesis which has to
do with them.
The following division will be made: I. Description of
Materials. II. Description of Test Pieces. III. Details of Tests.
IV. Observed Data. V. Discussion. Parts I, II, and III are gen-
eral and apply to all beams tested; parts IV and V apply only to
those beams tested for the purposes of this thesis. The diagrams
showing graphically the results of the tests of these beains and
the tables giving detailed observations follow the text.

3I. DESCRIPTION OP MATERIALS.
In order that the niateria'ls should not differ from materials
used in general practice, tiie stone, sand, and reinforcing bars
were purchased in the open marlcet , the cement used being a mixture
of several standard brands.
Stone.—The stone used \'o.s Kankakee limestone ordered to
pass a 1-in. screen and to be retained on a 1/4-in. screen. Table 1
shows the proportion of sizet? determined from two Scimples of 15 Ibsi
each. It weigiied 37 lbs. per cu. ft. loose and contained 45 por
cent, voids. In determining this proportion, 15 lbs. of stone
T^LH 1.
AITALYSIS OF STOHE.
Diameter Amount Per cent
of mesh,
inches
retained
1 lbs. passing
2 100.0
1 0.53 96. 5
1/2 9.03 37.2
1/4 4.06 9.2
No. 10 sieve 1.12 1.7
Dust 0.25
were poured into an iron can 8-in. in diameter and 30 in. high,
which v/as then filled to a depth of 6 in. The 'stone was then
emptied out, the can half filled with water, and the level of the
water surface marked. Then the stone was poured slov/ly into tiie
water so that the voids becajne filled with v/ater and no air was
left in. The water surface was raised 3-5/16 in,, the average

of two tests.
Stone alone occupied 6x(a)^x.7854 = 300 cu. in.
Stone and water occupied 9-5/16 x(3) x .7854 = 465.7 cu, in.
Increase in volume —165.7 cu.in.
Co. , Chicago. It was clean and sharp, and was screened through a
1/4-in. mesh screen Lafore using, except in beams Nos.l to 11. It
weighed 103 lbs. per cu.ft. loose and contained 28--30 per cent
voids.
Weight of 1 bucket loose sand level with top — 41 lbs.
Weight of 1 bucket water level full — 25 lbs.
Volume of bucket — or 0.4 cu.ft.
Weight of 1 cu.ft. loose sand = 103 lbs.
The method of determining the per cent of voids was as follows:
The weight of a bucket of dry sand v/as found; this sand v/as then
poured into a receptacle vThere none wo^old be lost. A small quan-
tity of water v/as then put into the bucket and sand was poured
into the water until the water Just flushed to the top of the sand.
This process was repeated until all of the sand was returned to
the bucket. The weight of the mixture was then found. The mixture
Wt. of Sand Wt.of Mixture Wt.of Water Per Cent Voids
TABLE 2.
Per Cent of Voids in Sand,
18.6 21.4
20.4 23,6
16.2 18.9
19 . 21 .
8
18.1 20.6
10.0
10.6
8.5
9.6
9.4
28.0
29.9
31.7
28.1
26. 6
All weights are in Kilos. Mean 23.8

was tiien poured out and the weigiit of an equal depth of water was
found. The difference in the weights of the dry sand and the mix-
ture, divided by the Y/eig}it of the water alone equals the per cent
of voids. The results of five determinations are given in Table 2.
above. Table 3. gives the average results of mechanical analysis
of three samples.
TABI^ 3.
Analysis of Sand.
Sieve No.
4
10
20
50
74
100
Per cent
passing
99.0
73.0
46.0
8.0
2.3
1.0
Cement.—All cement used for these tests consisted of a
mixture of five standard brands of Portland cement, in equal pro-
portions. This material v/as furnished by the makers an:l was mixed
at the mills. This cement tested at 7 aiid '76' days, as follows:—
TABL3 4.
Tensile Strength of Cement.
Ref
.
Ultimate Strength, lbs. per sq. in.
Neat Cement 1:3 Mortar
No. 7 days 7S days 7 days 7^ days
1 685 " 397 Soo
2 710 " 345 "
3 630 " 325 6~loO
4 880 " 330 s^o
5 700 " 340
6 735 " 385
Av. 723 ± 12. (^f^ixfy 354 ± 12
(") Broke in grips; all others broke in contracted area.

6Concrete, --TIiG concrete was mixed "by hand, a man skilled
in making concrete assisting in the work. All materials were meas-
ured by loose volume, a bucket holding about 4AO cu.ft. being used
as the unit of measure. First the sand was spread on an iron mix-
ing board, and the cement spread evenly over the sand. Sand and
cement were then turned together until thoroughly mixed. Next the
stone was spread evenly over the mixture of sand and cement and
the whole mass turned twice. Water was then added and the mixture
turned until it had a uniform consistency. A moderately wet con-
crete v/as used.
The proportion for most of the beams was 1-3-6, -one part
cement, three parts sand, and six parts broken stone. A few beams
were made of concrete having the proportion 1-2-4. The per cent
of water usea v/as about 9 per cent of the total weight of the dry
material. The resul.ts of the two tests made to determine the per
cent of water are given below in Table 5.
TABLE 5.
Per Cent of Water in Concrete.
Beam Wt. of Wt.of Wt.of Total Wt. Wt.of Percent
No. Stone Sand Cement Dry Mater '1 Water of Water
24 657 369 105 1131 85.5 7.59
45 667 394 96.5 1157.5 101.5 8.77
In making the determination of the per cent of water in beam No. 24
one bucket of each material was v/eighed and this weight taken as
an average. The sand used in this beam was moist, thus lessening
the amount of water necessary. In beam No. 45, one half of the
stone was weighed, two thirds of the sand, all of the cement, and
all the water. The sand in this case v/as spread upon t}ie floor

7and allowed to become thoroughly dry before being v/eighed. The
consistency of the two beams was apparently the same, but owing to
the drying of the sand and the care taken in weighing the materials
the per cent of water shown for beam No. 45 more nearly represents
the correct per cent. The weight of wet concrete as determined
from the mixture used in beam No. 45 was, for untamped concrete,
143 lbs. per cu.ft.,and for tamped concrete, 152 lbs. per cu.ft.
The bucket used in weighing sand was filled with loose concrete
and the weight of this mass of concrete obtained. This weight,
divided by the capacity of the bucket in cu.ft. gives the weight
of the concrete per cu.ft. To find the v/eight tamped, the concrete
was tamped in the bucket, but it could not be tamped as thoroughly
there as in the beams. The beams weigh uniformly 1200 lbs,, and
have a volume of 7.95 cu.ft. Hence the woiglit per cu.ft. of con-
crete in the beams is 151 lbs.
Six- inch cubes were made of the same concrete as several of
the beams in order to determine the crushing strength of the con-
crete. The cubes were left in the air from time of making until
tested. The strength of the cubes is given in Table 6.
Steel.—Two kinds of steel were used in these tests. That
furnished by the Carnegie Steel Co. was what is known as steel
having an elastic limit of 40,000 lbs. per sq.in. and will be re-
ferred to as low steel. It consisted of two sizes of plain round
bars nominally 3/4 in. and 1/2 in. in diameter, and 12 ft. 6 in.
long. The surface was even but not glazed and some of the bars
had rusted slightly before being used. The rust was rubbed off
before using. The actual sections agreed very closely with the
nominal ones. Several tests of the steel were made with the

TABLE 6.
Compressive Strengtn of Concrete.
No. of Beam Date of Date of Crushin^^ Crushing
from v;hich Load, Strength
Cubes Y/ere Making Test lb. Ib/sq.in,
Made
1-3-6 Concrete.
48000 1330
35 Mar. 3 May 8 47980 1330
57400 1590
38400 1065
44 Mar. 7 May 13 39300 1105
29 400 316
23200 733
48 Mar. 10 May 13 28300 736
28000 777
47200 1310
65 Mar. 22 May 20 41620 1156
48850 1355
Mean 40260 1135
1-2-4 Concrete.
59 Mar . 2l Mciy
60 Mar . 21 May
66 Mar . 22 May
13 45400 1290
37800 1050
64500 1790
18 73200 2070
64200 1780
54560 1510
20 55000 1530
41240 1140
Mean 54490 1520

9results given in Table 7. These tests v/ere made at a slow speed
TABLE 7.
Tests of Low Steel.
JM ommaj. AC uuaj. Ovjm . ux
uiame uer jj lanie u er O l/X CXl^ Oil uXdo U X L>j< JZiX UXl^ .
in. in. Ibs/sq. in. Ibs/sq. in. in 3 in.
O /A3/4 . roO 2o , oyO 4o , DoU <iy , <;UU , UUU o /
3/4 .7475 29,010 46,440 35
3/4 .7525 28,800 46,000 36
3/4 . 750 28,290 45,830 38
Aver. 28 , 620 46,250 36.5
1/2 .50 33,110 51,650 33
1/2 .50 34,130 52,870 30
1/2 .50 34,030 52,910 31
Aver. 33,760 52,480 31
on the Riehle autoTnatio recording machine, and would seem to be
reliable. The resLilts of tests made by the Carnegie Co. show an
elastic limit of 40,000 lbs. and an ultimate strength of about
60,000 lbs.; the fast speed used by them in testing is probably
accountable for the higher values obtained.
The steel furnished by the Crucible Steel Co. of America
was what is known as steel having an elastic limit of 60,000 lbs.
per sq.in. and v/ill be referred to as high steel. It consisted of
plain round bars nominally 3/4 in. in diameter, aiid 12 ft. 6 in.
long, having a smooth, glazed surface. Tests are shown in Table 8.
TABLE 8.
Tests of High Steel.
Nominal Actual Elas.Lim. Ult.Str. Coef.of PrctElihg.
Dia.in, Dia.in. Ibs/sq.in. Ibs/sq.in. Elast. in 8 in.
3/4 . 755 52,490 83,950 28,900,000 25.4
3/4 .7577 53,230 85,400 29,400p00 25.5
3/4 .7573 52,930 85,100 29^00p00 23.2
Aver. 52,900 84,320 29,200p00 24.7
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II. DESCRIPTION OF TEST PIECES.
jj
Dimensions. --All "beams had the same dimens ions, viz. - length,
13 ft.; width, 8 in.; depth, 11 in. |
Reinforcement.—The amount and kind of reinforcement in each
"beam is shown in tables in the respective theses to which they "be-
long; for data on "beams discussed in this thesis, see Table 9. The
percentage of reinforcement is the ratio of the area of the metal
to the area of the concrete ahove the center of the metal. The 1
center of the reinforcing "bars was 10 in. belov/ the top of the j
"beam, except where they were bent or inclined upward for a special
purpose, and the bars were evenly spaced across the breadth of the
beam, the space between the side of the beam and the nearest bar
being one-half that between any two consecutive bars. The ends of
the bars came to within 3 in. of the ends of the beams.
|
TABLE 9.
Data on Beams.
Beam Air^ and Kind of Per cent. Age at Age at
No. Reinforcement of Metal Moving Test
13 4 1/2-in.Lov/ St. 0.98 6 days 64 days
20 4 1/2- in.Low St. 0.98 8 days . 62 days
24 4 3/4- in. Low St. 2.20 6 days 63 days
28 4 3/4- in.Low St. 2.20 9 days 60 days
I
Making of Beams. —The beams were made directly on the con-
crete floor of the laboratory, except that a strip of building
;
paper was spread beneath the beams. A general viev/ of the collec-
tion may be seen in Fig.l. The details of the fonns used are shown
I in Fig. 2. Braces as shown in Pig. 2 were placed every 4 feet to
jj
II
hold the forms together and to prevent bulging during the tamping
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of the concrete. The planks were inclined to warp, hut this dif-
ficulty was partially overcome hy placing the plajiks in water, un-
dressed surface down, for a time "before using them. A layer of
-8'
J I
Top View End Viev;
FIG.2—FORMS.
concrete 1 inch thick was first placed in the forms and leveled
off "by means of a template which was slid along the top edge of the
forms. This first layer was not tamped. The reinforcing "bars were
placed on this layer and were struck lightly with the tamper until
their centers were exactly 10 in. "below the top of the form. The
rest of the "beam was made in layers of about 3 in., each layer being
spaded along the face of the form and then thoroughly taniped. A
thin layer of 1:3 mortar was spread over the top of the beam to
give it a finished appearance and to provide a level working sur-
face. The beams were numbered consecutively from 1 to 67. Complete
records were kept showing the dates on which each beam was made,
moved, and tested, and are to be found in Table 10. The ages at
which they were first moved and at which they were tested are given
for a few of the beams in Table 9. The beams were tested, on the
average, at the age of 60 days .

TABLE: 10,
Data on Beams.
£
p E 1. 1.
< 'c^ ^
C ate of t^anncr
o
CO Making Moving Testing
of 'opecimcn of ioadma
/
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Table 10. (Conr)
Dcifa on Bedms.
CO
Character 15+ ic 5 Mariner
c: — M
c: I-
3- <W —i 31
Making Moving of^ Specimen of Loadincj
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Table |0. (Cont.)
Daha on Beams
r
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II
67 y/ ^3 1/

storage. --Owing to lack of floor space, the "beams v/ere
moved at the age of 8 or 10 days and piled up as shown in Fig.l.
On April 7, the day after the last beams had been piled, an acci-
dent occurred. The last pile tipped over toward the other beams
and this caused all the other piles to fall, as shown in Fig. 4.
Some of the beams were so badly cracked as to render them worthless
for testing purposes, but most of them were apparently uninjured
by their fall. The tables of detailed observations at the ends of
the theses show what beams were injured. The temperature of the
laboratory in v/hich the beams were stored ranged from 60 to 70 de-
grees F. A few days after making, the beams v/ere sprinkled with
water. No cracks were formed in the finished surface due to
shrinkage or rapid evaporation.
1
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III. DETAILS OF TESTS.
Beams.—The beams weighed, as before stated, about 1200 lbs.
each and were handled as described in Bulletin No.l of the Univer-
sity of Illinois Engineering Experiment Station.
j
Span and Loading. —The span length for all the beams was
12 ft. Unless otherv/ise noted, the load was applied equally at two
points, the third points of the span, through a 10- in. I-beam rest-
ing on two steel rollers 1-1/2 in. in diameter placed at these
points. This loading does not differ greatly in maximum bending
moment and in the shear at the ends from the conditions for uniform
loading, and has the advantage for the measurement of deformations
that the stresses except for the dead load are equal at all points
betv/een the two load points. The beajns rested on rocking supports,
\
allowing longitudinal adjustment v/ith chEtnges in length of lower
j
side of beamand with deflection of beam. With the appliances used,
the resistajice to changes in length v/ould not exceed 2 or 3 per
cent of the stresses in the beam. Bearing plates 3/8 x 4 x 12 in.,
1
with a layer of plaster of paris were placed above the beam at the
|
load points and below it at the supports to give uniform distri- :;
bution across the width of the beam. This arrangement of the beam
|
for testing is shown by the photographs. Fig. 5 and 6. The loads
were applied with the slowest speed of the machine, about .03 in.
per minute, except in the cases of repeated loading,when to save
time, a faster speed-0.3 in. per minute—was used. A speed of
0.6 in. per minute was used to release the loads, this being the
slowest available. In general, readings were taken at intervals
of 1000 lbs., the load being applied continuously, until the ma^jcimum

FIG. 3. -VIEW OF BEAMS.
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was reached, after which readings were taken at intervals mitil
the beam had broken ajid v/ould no longer sustain any appreciable
load. When loads were being released or reapplied, readings were
taken at intervals of 2000 or 3000 lbs.
Deformations. --To obtain the deformations in the various
fibers of the beam the device shown in Fig. 7 was used. It con-
sisted of two rigid brass yokes which were fastened to the beam
3 in. inside the load points, making the gauge length 42 in. in
those cases where the load was applied at the third points of the
beam. Each yoke was attached to the beam by two pairs of screws
which could be raised or lowered in slots in the frame to sjiy re-
quired position. The upper pair of contact points v/as placed 1/2
in. below the top of the beam and the lov/er pair in the plane of
the steel, or 9-1/2 in. belov/ the upper pair. The rollers and
dials, similar to those of the Johnson extensometer , were attached
to the yokes so that the centers of the rollers were in direct
vertical line with the contact points and the axes of the rollers
were at right angles to the sides of the beam. The rollers were
20-1/4 in. apart vertically, the upper ones being 5-1/4 in. above
the upper contact points. The rollers were o.5 in. in circumfer-
ence, the dials 4 in. in diameter, and the graduations such that
readings could be obtained to .0001 in. The second yoke v/as pro-
vided with fixed points in positions corresponding to the positions
of the four rollers.
To obtain the motion of each roller relative to its cor-
responding fixed point in the second yoke, a device was used con-
sisting of a steel strip 9 in. long with a slightly rounding sur-
face resting on the brass roller and rigidly fastened to a 5-ft.
.
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length of 1/4-in. "brass pipe. Hear the other end of this pipe a
V-shaped notch v;as cut which rested on a bracket fastened to the
second yoke. It was at first thought that there would be an error
upon reversal of the direction of motion due to play in the bear-
.
ings, and to guard against this the pointers were reset each time
by moving them in the direction in which subsequent motion was to
occur. After testing beams Nos.l3 and 20 in this manner, a cali-
bration of the extensometers was made, which showed the resetting
of the pointers to be an unnecessary precaution and it was there-
after dispensed with. The method of calibration was to impart a
known motion to the rod by means of a standard screw micrometer
and to observe the corresponding indication on the dial, A study
of the results showed a possible error of one or tv/o per cent in
the extensometer readings and an error of about ,0003 in. upon a
reversal of the direction of the motion.
Deflections. --The deflections at the middle of the length
of the span were also recorded. These readings were obtained by
means of a fine thread stretched at a constant tension between
points at the middle of the depth of the beam over the supports
and passing in front of a paper scale attached to the side of the
beam at the middle of the span. The scale was pasted on the face
of a mirror and readings were obtained by lining up the thread and
its reflection. These readings v/ere accurate to .01 in. Ordinary
deflectometers could not be used satisfactorily on account of the
deflection of the table of the machine under load.
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IV. OBSERVED DATA.
Under this liead are given the observations of the general
behavior of the different beams as the load was applied, including
such data as time of appearance, nature, and growth of cracks, max-
imum load, and method of failure, with such remarks on these as
seem pertinent. The beams tested for release between successive
applications of the increasing load, and v/ith which this thesis
is particularly concerned, are Nos. 13, 20, 24, and 28. All re-
marks and discussions from this on are limited to these four beams.
The amount and kind of reinforcement, the original data for obtain-
ing deformations and deflections, etc. , for these beams are given
in Tables 12,13,14,15, at the end of this thesis.
1 In testing beam No. 13, the first crack visible to the naked
eye appeared near the middle of the beam under a load of 5000 lbs.
,
and extended to within 5 in. of the top of the beam. As the load
increased to 9000 lbs. four or five more cracks similar to the
:
first were formed at other sections mostly between the load points,
and the first crack extended an inch or two nearer to the top.
These fine cracks closed up so they could not be seen each time
the load v^as removed. Shortly before the maximum load of 11,800
' lbs. was reached, the crack first observed began to enlarge quite
rapidly, and was about 1/16 in. wide when the maximum was reached.
After this stage was reached, this crack continued to enlarge, but
^ the others remained about the same. The load slowly fell back to
10,000 lbs. and remained nearly constant at that amount, without
fluctuating more than 100 or 200 lbs. , until the top of the beam
began to crush out. The failure of the beam was plainly due to

elongation from tension in the steel, which, lessened the compress-
ive area of the concrete until it crushed out. The concrete shov/ed
no sign of crushing until some time after the maximum load had
"been reached and the steel had stretched considerably.
Beam No. 20 "behaved much the same way as No. 13 until a load
of 10,000 Its. was reached, the first crack appearing at 7000 lbs.
and 6 more at 8000 lbs. At 9000 Its. a crack appeared one foot
i from the support, inclined ahout 45 degrees tov/ard the load point
li and extending to within 4 in. of the top. At 10,000 lbs. this
crack Y/as 1/16 in. wide and had assumed a nearly horizontal direc-
tion, as shown in Fig. 8, while a horizontal crack had started from
this one along the plane of the steel rods towards the support.
i
When a load of 10,200 Ihs. was reached the beam suddenly sheared
along the line mentioned above, the layer of concrete helow the
steel was split off and the steel set free. The cause of this
method of failure is explained in this way. The horizontal shear-
ing stresses, combined with the vertical, stresses caused the crack
to assume a distgonal direction, which had started in a vertical
I
I
I
direction. This crack was due primarily to the horizontal tensile
||
stress in the lower side of the beam set up by flexure, and the
fact that an amount of concrete equal to 2 sq. in. of section had
been chipped off the lower edges at one point probably caused the
crack to occur at that particular point. The component of the
vertical shearing stress produced a tensile stress at right angles
to the direction of the crack, and it was this stress which caused
the concrete to crack along the steel at its v/ealcest section. The
jl
different stages in the development of this crack are well shov/n
in Figs. 8, 9, and 10.
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FIG. 10.—VIEW OP BEAM AFTER COI^IPLETION OF TEST.
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Beams Nos.24 and 28 shov/ed the same f^eneral "behavior during
loading and failed in the same manner as did beam No. 20. Owing to
the higher percentage of reinforcement no visible cracks appeared
until a load of 8000 lbs. was reached. Beam No. 24 showed no more
cracks until 14,000 lbs. was reached, when the diagonal crack which
later caused failure appeared about 15 in. outside the load point,
extending half way up the beam. At 15,000 lbs. this crack v/as 4
|
in. from the top. The crack now began to widen, the load ran up to
15,600 lbs., the maximum, and then fell back slowly to 15,100 lbs.
where it remained nearly constant until the beam gave way. After
the maximum load had been reached, the crack passed under the load
point and came to the top surface. The concrete nov/ began to crack
along the steel, and when this crack had extended to the support
the rods began slipping very slowly and the concrete began to crush
at the top of the beam. This continued under a constant load until
the rods had slipped 1/8 in. when the beam suddenly gave way. The
beam would not have reached so high a maximum had not the crack
passed under the load and compelled the concrete to crush instead
of shear at the top. In beam No. 23 three cracks appeared at 10,000
lbs. At 13,0001bs, the diagonal crack outside the load was 4 in.
from the top. In this beam the concrete cracked along the steel
before the maximum load was reached. The load reached 14,300 lbs.
then continually fell away until the beam gave way by shearing
j
along the line of the diagonal crack. These failures point out the
necessity of providing for shear either by bending up some or all
of the rods towards the top near the ends of the beam, or by using
stirrups. This is especially true for beams having a high percent-
age of reinforcement. '
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V. DISCUSSION.
Calculation of Deformations. ^-On Plates I to IV will be
found a graphical representation of results deduced from the tests
of the beams. These diagrams contain in general four curves show-
ing; first, the contraction of the upper fiber; second, the elon-
gation of the steel; third, the actual deflections (in blue); and
fourth, the position of the neutral axis. The values plotted for
the contraction and elongation of the upper and lower fibers are
actual values calculated graphically from the extensometer obser-
vations. In the determination of the values of the deformations,
all extensometer motions are referred to the position of the rol-
lers at the be^^inning of the test as zero and no attention has
been paid to the set of the beam.
General Phenomena of the Tests. --A study of the load-defor-
mation diagrams shows that for the successive reapplications of
the load, the diagrams approach each time a quite regular curve,
for the upper fiber of concrete and likev/ise for the steel. This
curve is very similar in shape to that obtained by the method of
continuous loading, but has a greater inclination; that is, for a
given load, the deformations are somewhat greater than they v/ould
be for continuous loading. Another important fact brought out by
the diagrams is that after each successive release of load there
is an additional amount of set in the concrete. This is also true
for the steel up to a certain point where the load is about two
thirds of the maximum load, after which there appears to be no
additional set. For each successive application of the load, the
load-deformation diagram ,for the concrete as well as the steel.
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follov/s a straight line until the load equals that previously
applied, after which it begins to curve somev/hat. The diagrams
for decreasing loads follow straight lines for a part of the way
but are curved at each end.
Stresses in the Steel.—In order to discover, if possible,
the explanation of these phenomena, a number of calculations of
stresses in the steel and of resisting moments developed by the
steel, were made. Table 11 gives these stresses and resisting
moments. Three sets of values are given, based first, upon the
observed total deformations; second, upon the net deformations
for the individual applications of the loads; , and third, upon
the bending moment developed by the load. In obtaining stresses
from deformations, the modulus of elasticity of the steel was
taken as 30,000,000. The distance of the neutral axis below the
top of the beam is represented by kd, d being the vertical dis-
tance from the top of the beam to the center of the steel rein-
forcement. The position of the centroid of the compressive
stresses is taken to be .36 of the distajice down to the neutral
axis.
Compressive Stresses.—In only two beams, Nos.l3 and 24,
did crushing take place in the concrete. In these the crushing
strength of the concrete, based upon the calculated stress in the
steel, was about 1300 lb. The total deformation at this stage-
was about .0014, and the net deformation .0010 per unit of length.
Condition of Steel upon Release of Load.—The diagrams seem
to indicate that upon the release of the load there is consider-
able tension remaining in the steel, in some cases as much as
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5000 It. per sq.in. This does not seem provable. A careful study
of the diagrams suggests three ways in which to account for this
apparent discrepancy. First, there niay "be an initial coir.pressive
stress in the steel occasioned by longitudinal shrinlcage of the
heajTi as the concrete was setting. If this be the case, the ini-
tial stress in the steel will gradually disappear as the concrete
fails in tension under the increasing load; and the steel will
not come back to its original length when the load is released,
but will show a deformation representing the amount of initial
stress in the steel. Second, when the concrete gives way in ten-
sion, the stress formerly carried by it is transferred to the
steel, and upon rele&.sing the load the steel will show a defor-
mation representing the amount of stress due to about one-half
the weight of the beam itself. This would account for about one-
third of the so-called "set". Third , it may be that in elongating
the particles of the concrete become displaced and fail to return
to their original position when the load is released. In this
case, the concrete in the lower half of the beam would be com-
pressed by the steel tending to return to its former length, and
this compressive stress would be balanced by tensile stress in the
steel. The resulting deformation would represent this stress.
A combination of these causes seems to be the most plausible ex-
planation. In basing the calculation of the stress in the steel
upon the measured deformation, if only the first named cause were
acting, then the net deformation v/ould represent the stress; if
either the second or the third cause alone v/ere acting, the total
deformation would represent the stress; but if there be a
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coinbination of these causes, the true stress is not represented
by either the net or the total deformation, but lies somewhere
between the two and cannot be determined unless the amount of
initial stress be known. If the net deformations be considered,
the neutral axis is higher than for the total deformation, but
not sufficiently so to make the resisting moment equal to the
bending moment. The vi/riter concludes that the true ajnount of
stress in the steel is that represented "by the net deformation,
plus the stress due to weight of beam form.erly taken by concrete.
Condition of Concrete upon Release of Load. — It is more dif-
ficult to determine the cause of the deformation remaining in the
concrete upon releasing the load. That there is an actual set in
the concrete, is certain, and the diagrams show that each succeed-
ing application of the load increases this set. Wn.a.t the result-
ing condition of the concrete may be, the writer is unable to
state. The only suggestion which seems to offer an explanation
is the following. The concrete is at first more or less porous,
and its elastic limit, if such exists, is soon passed. If the
load be increased beyond this point and thei; released, the con-
crete does not return to its original condition, but remains a
more compact mass than before. For any stress below that to which
it has once been subjected, its modulus of elasticity is nearly
constant, as indicated by the straight lines of the load-deforma-
tion diagram. If a greater stress be given it, it becomes still
more compact, but its modulus remains about the same, as evidenced
by the parallel lines of the diagram. As to whether the net or
the total deformation should be used for calculating stresses.
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the writer cannot say, but it seems to him nore reasonable to use
the net deforination.
Some other questions have presented themselves to the writer
as being worthy of investigation, but the very limited amount of
time available renders their treatment here impossible. These
are: the determination of a safe allowable stress in the concrete
for repeated loads; the determination of an amount of reinforce-
ment such that the concrete v/ill not be injured by loads which
produce stresses within the elastic limit of the steel; the ex-
perimental determination of the initial stresses in the steel
reinforcement due to set and to temperature; and the determination
of the final action of the concrete under a great many, say one
hundred, repetitions of a comparatively small loa-d.
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TABLE 12.
BEAM NO. 13.
4 1/2- in. Plain Round Bar3--Lov/ Steel,
Applied Deflh. Extensometer Reading
Load, in.
lb I II III IV
00 0113 0328 0245
.
0163
1000 01 0157
. 0371 . 0290 , 0207
1000 01
.
0443
.
0410
.
0247
.
0416
. 00 . 0413 . 0367 . 0205 !0372
> . 00 . 0623 . 0427 . 0236 . 0697
2000 04 . 0723 . 0526 .0341 .0804
2000 04
.
0504 . 0490 .0250 . 0359
. 00 .0436 . 0419 . 0181 . 0283
00 0571
.
0461
. 0298 . 0152
3000 09 0721 0613 .0455 . 0320
3000 09
. 0464 , 0547 . 0408 . 0281
02
. 0319 . 0393 . 0267 . 0129
, 02 . 0488 . 0473 . 0349 .0915
4000 'l3 .0710
.
0724 .0571 . 1173
4000 13 , 4486 . 0605 . 0562 . 0562
. 03 . 4292 . 0380 . 0364 . 0331
03 0444
.
0408
. 0302 . 0513
5000 20
.
0737
.
0749 , 0605 . 0863
&OCC
. 20 0944 . 0508 . 0310 . 0727
0^
, 0680 0203• vy /-ow . 0041 0413
.
029 6 . 0100 . 0351 .1151
6000wV \y \y 25 .0657 04-80« vy^ k.-' v./ 07 b9 .1597
6000W V-/ V/ 25 0923 0802 0573 0632
07 0554
. 0417 0220 0232
07 09 73 0315 0307 09 79
7000 3? 1 400 0829 07 64 1 5069 -L W vy
7000 32 082? . 0309 , 0607 . 0961
, 08 0409 0308 . 0181 ,0458
. 08 . 0564 , 0203 . 0220 . 0369
8000 39 .0176 0819 ,0764 09 75
3000 39 .0940 . 0767 07.-'5 ,0930
7000 37 0916
. 0732 0737« v.y ( w 1 . 0894
6000 34 .0860 . 0651 .0679 . 0822
5000 .31 .0606 !0592 .0624 .0748
4000 .27 .0751 .0519 .0562 ,0671
3000 .23 .0683 .0431 .0488 .0581
2000 .20 .0623 .0453 .0422 .0498
1000 .16 .0549 .0262 .0343 .0400
.10 .0461 .0166 .0256 .0306
.10 .0103 .0101 .0298 .0252
1000 .13 .0170 .0172 .0365 .0329
2000 .17 .0228 .0240 ,0426 .0399
4000 .24 .0368 .0397 .0574 .0579
5000 .28 .0425 .0457 .0337 ,0658
6000 .32 .0490 .0542 .0709 .0744
Remarks
Beam uninjured "by accident
Wt. of team, 1200 lb.
Wt. of beam and apparatus,
1300 lb.
Vertical crack near middle
of span, 5 in. from top
of beam.

TABLE 12.
BEAM 1T0.13.
4 1/2-in. Plain Round Bars—Lov/ Steel.
Applied Defl'n Extensometer Reading
Load in. Remarks
lb. I II III IV
7000 , 36 .0567 .0625 .0731 .0332
3000 .41 .0617 .0697 .0844 .0909
9000
.
45
. 0695 .0791 .0928 .1009 5 or 6 fine cracks appeared
9000 .45 .1134 .0953 .0989 .1277 2 of them just outside
7000 .41 .1059 .0859 .0907 .1175 the load points.
5000 .34 .0939 .0703 .0779 .1013
3000 .25 .0806 .0532 .0636 .0335
2000 .22 .0736 .0446 .0561 .0745
1000 .16 .0651 .0349 .0475 . 0641
.12 .Of 55 . 0254 .0394 ,0545
12 .0241 .0013 .0105 .0201
1000 .14 .0301 .0077 .0170 .0272
2000 .19 .0371 .0161 .0244 .0361
3000 .23 .0444 .U250 .0319. .0454
5000 .32 .0579 .0400 . 0467 .0565
7000 .39 .0705 .0557 . 0600 .0803
9000 .46 .0332 .0714 .0747 .0970
10000
. 52 .0916 0813 .0332 . 1081 Cracks above mentioned had
10000
.
52 .1200 .0924 .0981 .1554 extended to within 4-1/2
9000 . 50 .1177 .0392 .09 55 .1521 in. of top.
7000 .43 .1067 .0746 .0839 .1371
j5000 .35 .0938 .0576 .0698 .1191 1
3000 .29 .0811 .0415 .0563 .1022
2000 .23 .0732 .0320 .0479 .0922
1000 .19 .0643 .0213 .0386 .0815
.12 .0555 .0122 .0293 ,0716
. 12 .0133 .0072 .0145 .0280
1000 .16 .0197 .0136 .0205 .0350
2000
.
21 .0275 .0220 .0285 .0429
3000 .24 .0350 .0307 .0363 .0532
5000
.
33 .0492 .0480
.
0514 .0717
7000 .42 .0630 .0650 .0662 .0899
9000 .50 .0757 .0809 .0798 .1066
10000 .53 .0828 .0896 .0874 .1157
11000 .61 .0931 .1011 .0979 .1280 3 more cracks appeared. One
11000 .61 .1567 .0952 .0991 .1340 of these was 2 ft. outside
10000 .60 .1543 .0918 .0964 .1306 the load point and inclind
9000 .54 .1485 .0841 .0900 .1227 toward it.
7000 .49 .1368 .0686 .0773 .1064
5000 .41 .1237 .0512 .0628 .0833
3000 .32 .1092 .0334 .0473 .0692
2000 .26 .1010 .0242 .0390 .0595
1000 .22 .0921 .0142 .0293 .0493
.14 .0814 .0030 .0189 .0377
.14 .0241 .0155 .0064 .0477
1000 .19 .0307 .0178 .0120 .0547
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TABLE 12.
BEAM KO.ia
4 1/2-in. Plain Round Bars—Low Steel,
Applied Defl'n Extensometer Reading
Load in. Remarks
lb. I II III IV
3000 .28 .0465 .0356 .0285
5000 .35 .0616 .0511 .0444
7000 .44 .0758 .0683 .0596
9000 .52 .0894 .0852 .0745
11000 .62 .1036 . 1026 .0895
11800 .72 .1140 .1020
10000
.0737
.0927
.1115
.1294
.1482
.1600 Maximum load-11800 lb.
Load steady at 10000 lb.
for some time. Beam failed
by tension in the steel
follov/ed by crushing at
top near middle of span.
No sign of crushing at top
until after majcimum load.

TABLE 13.
BEAM NO. 20.
4 1/2- in. Plain Round Bars—Low Steel.
40
Applied Deflhi Extensoraeter Reading
Load in
lb. I II III IV
.00 .0348 .0272 .0323 .0292
1000 .01 .0392 . 0311 . 0353 .0324
1000 .01 .0432 .0388 .0495 .0500
.00 .0392 .0349 .0464 .0467
.00 .0254 .0218 .0264 . 0334
2000 . 05 . 0356 . 0319 .0361 .0436
2000 .05 .0455 .0332 .0574 .0583
.00 .0371 .0256 .0503 .0513
.00 .0260 . 0258 .0439 .0438
3000 .12 .0478 .0519 .0650 .0639
3000 .12 .0605 . 0544 .0757 .0556
.05 .0439 .0468 .0600 .0387
.05 .0107 .0219 .0245 .0256
4000 .18 .0337 .0483 .0461 .0503
4000 .18 .0519 . 0541 .0782 .0631
.06 .0295 .0293 .0576 .0450
. 06 .0415 .0185 .0246 .0184
5000 .21 .0708 . 0503 . 0524 .0502
5000
.
21 .0639 .0468 .0814 .0737
.07 .0420 .0164 .0564 . 0442
.07 .0264 .0236 .0399 .0175
1000 .10 .0304 .0278 .0434 .0216
3000 .16 .0433 . 0427 .0558 .0363
5000 .23 .0572 . 0572 .0688 .0523
6000 .27 .0623 .0623 .0735 .0582
7000 .33 .0742 .0756 .0845 .0721
7000 .33 .0747 .0649 .0898 .0712
8000
6000 .0800 .0684 .0933 .0758
5000 !32 .0736 . 0619 .0873 .0577
3000 .25 . 0603 . 0455 .0743 .0513
1000 .18 0438 . 0279 .0595 .0330
.11 .0350 .0184 .0513 .0237
.11 .0246 .0210 .0201 .0145
1000 .15 .0300 .0265 .0243 .0205
3000 . 22 .0451 .0434 .0378 . 0361
5000 .31 .0603 .0603 .0521 .0541
7000 .40 .0747 .0762 .0659 .0712
8000 .44 .0813 .0337 .0721 .0738
8000 .44 .0874 .0851 .0918 .0804
7000 .41 .0843 .0809 .0885 .0758
5000 .36 .0723 .0668 .0768 .0605
3000 .28 .0532 .0508 .0633 .0431
1000 .18 .0417 .0329 .0485 .0250
Remarks
Beam not injured "by acci-
dent.
1
1
First visible crack near
middle of span— 6 in.fr. top.
Note. -Load increased to
8000 lb. by mis take, -no
readings taken.
Six more cracks appeared
mostly within middle third.

TABLE 13.
BEAM 110.20.
4 1/2-in. Plain Round Bars--Lov/ Steel.
41
Applied Defl'n Extensometer Reading
Load in. Remarks
lb. I II III IV
.13 .0321 .0231 .0403 .0159
.13 .0214 .0325 .0374 .0326
1000 .17 .0274 .0337 .0427 .0384
4000 ,30 .0509 .0642 .0663 .0647
7000 .40 .0713 .0874 .0735 .0396
8000 .46 .0733 .0951 .0803 .0979 At 8000 lb. 2 cracics 4-3 4
9000 .50 .0866 .1033 .0881 .1072 in, from top. At 9000 lb.
9000 .50 .1046 .0918 .0954 .1275 a diagonal crack 1 ft.
8000 .48 .1023 .0888 .0930 .1240 from support-4 in. from
7000 .45 .0957 .0809 .0865 .1153 top
.
4000 .32 .0760 .0579 .0674 .0909
2000 .23 .0594 .0395 .0518 .0715
.12 .0403 .0202 .0359 .0528
.12 .0238 .0245 .0264 .0632
1000 .17 .0315 .0323 .0323 .0700
2000 .20 . 0383 .0398 .0380 .0770
5000 .34 .0618 .0658 .0603 .1045
3000 .48 .0328 .0894 .0804 .1297
10000 .59 .1015 .1037 .0975 .1505 At 10000 lb. same diag-
10000 .59 .1245 .1159 .1089 .1234 onal crack- 3-1/4 in. from
9000 .57 .1214 .1112 .1055 .1232 top. Horizontal crack
8000
. 50 .1152 .1036 .0994 .1153 started from this one
5000 .40 .0942 .0789 .0794 ,0889 along plane of rods.
2000
.
, 27 .0702 .0539 .0572 .0612
.16 .0498 .0327 .0400 .0417
.16 .0266 .0266 .0239 .0338
1000 .19 .0328 .0326 .0339 ,0393
3000 .30 .0503 .0515 .0496 .0582
6000 .42 .0735 .0769 .0717 . 0860
9000
. 55 .0960 .1019 .0930 .1127
lOOOC
.
60 .1034 .1097 .1001 .1212
10200 Maximum load-10200 lb.
Beam broke suddenly by
shearing across along the
diagonal crack before
mentioned. Concrete split
off below steel.

TABLE 14.
42
BLiPM NO. 24.
4 3/4-in. Plain Round Bars—^Low Steel.
Applied Defl'n Extensometer Reading
Load in
.
lb. I II III IV
. 00 .0210 .0300 .0160 .0620
1000 .02 .0239 .0327 .0136 .0646
2000 .03 .0278 .0363 .0220 . 0681
1000 .02 .0250 . 0342 .0196 .0656
.01 . 0213 .0309 .0160 .0640
1000
. 02 .0245 . 0336 .0192 . 0652
2000 .03 .0238 . 0369 . 0222 .0683
3000 . 05 .0327 . 0403 . 0256 .0723
. 02 . 0223 .0318 .0170 . Oa39
1000 .02 .0258 .0344 .0190 . 0662
2000 .04 .0295 .0381 .0223 . 0694
4000 .03 .0368 . 0452 .0286 .0765
.02 .0238 . 0328 .0170 . 0650
1000 .03 .0269 .0353 .0197 .0675
3000 .07 .0338 .0423 .0259 .0737
5000 .11 .0415 .0502 . 0334 .0316
.02 .0247 .0339 .0134 .0661
1000 .03 .0278 .0367 .0210 .0687
3000 .07 .0354 .0441 .0273 .0755
5000 .11 .0419 .0506 . 0342 .0821
6000 .13 .0466 .0555 .0389 ,0370
5000 .12 .0445 .0536 . 0369 .0849
3000 .08 .0377 .0469 .0307 .0732
.03 .0258 .0351 . 0203 . 0677
2000 .06 .0323 .0412 .0253 .0732
4000 .10 .0402 .0490 .0332 .0807
6000 .13 .0474 . 0563 . 0403 .0879
7000 .16 .0519 .0610
.
0446 . 0927
6000 .14 .0593 . 0537 .0421 . 0901
2000 .08 . 0352 . 0448 . 0291 . 0766
.03 .0267 . 0361 . 0216 .0639
1000 .05 .0299 .0392 .0243 .0717
3000 .09 .0379 .0472 0322 .0793
7000 .16 .0529 .0624 .0462 .0942
3000 .19 .0566 .0664 . 0502 .0986
7000 .17 .0544 .0642 .0479 .0959
3000 .10 .0402 .0495 .0339 .0816
.04 .0278 .0370 .0232 . 0701
1000 .05 .0308 .0398 .0253 .0727
3000 .09 .0389 .0479 .0332 .0802
6000 .17 .0508 .0599 .0447 .0920
9000 .22 .0624 .0720 .0567 .1044
8000 .21 .0607 .0700 .0553 .1023
Remarks
Beam not injured "by acci-
dent.
First visible crack-between
load points.
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TABLE 14.
BEAM l!l0.24.
4 3/4-in. Plain Round Bars—Lov/ Steel.
Applied Defl'n Extensometer Reading
Load in.
lb
.
I II III IV
6000 .17 . 0540 . 0626 p\ A r\ Pi. 0498 p\p\ A r\. 0949
3000 .12 . 0427 . 0510 . 0386 . 0833
.04 . 0292 . 0373 . 0290 . 0711
1000
.
06
. 0326 . 0403 . 0317 p\ PI «~\ /~\. 0739
3000 .10 . 0409 . 0483 . 0396 P\ Pi "1 Pi. 0818
7000 .18 . 0561 . 0646 . 0545 p\/^ PJ A. 09 r4
10000
. 26 . 0680 . 0782 P\ P* P> /". 0676 T T T P^. 1112
8000
. 22 ,0630 /~\ pi O P. 0725 PN /* O /I. 0624 .1054
5000 .17 , 0528 . 0614 P> C Pi Pi. 0522 . 0942
2000 • . 0400 . 0437 . 0405 PN Pi T C. 0815
. 05 . 0315 . 0390 . 0326 . 0730
3000 .11 . 0428 . 0506 . 0430 . 0837
6000 .18 . 0545 . 0632 p\ ' >i PI. Od47 . 0961
9000
.
24 . 0656 ^ PI c~ o. 0753 0664 . 1083
11000
. 29 . 0735 . 0839 r\ pi /I pi. 0747 1 T p* O. 1172
10000 .27 . 0718 . 0818 P\ Pt o p\. 0730 . 1149
8000
.
24 . 0658 pj /I p\. 0749 . 0668 1 PN P- "». 1031
5000 .18 . 0550 . 0628 . 0555 . 0961
2000 .11 . 0425 . 0494 . 0435 . 0827
.
05 . 0338 . 0399 . 0368 . 0742
3000 .12 A A. 0449 . 0514 r\ A t'i A. 0474 . 0850
oOOO .19 . 0572 . 0642 . 0596 PNPi PJ PJ.0977
9000
. 24 . 0685 . 076o P\ PJT. 071o T T p^ p\. 1100
11000
. 29 . 0762 P^ Pi. 0848 p\ P) p\ c:. 0795 T "1 Pi O. 1182
l<dOOO . 32 . 0810 . 0894 . 0840 T P^ O T. 1231
10000
. 29 . 0759 . 0837 p\ pj o P\. 0789 T T Pi <~1.1173
4000 . lo . 0532 . 0594 . 0562 ^P\ O Pi. 0932
. 06 . 0356 . 0405 . 0393 p\ PJ r* O. 0752
2000
.
10
. 0430 . 0481 . 0464 . 0821
7000
. 22 . 0637 . 0698 . 0671 . 1035
10000
.
28 .0754 . 0821 . 0790 . 1161
1200C
. 32 . 0336 . 0908 . 0872 . 1248
X ouuu , Uc5o<c . uy Do . uyx3 T on
11000 .32 .0832 .0894 .0865 .1236
8000 .27 .0725 .0778 . 0753 .1128
5000 .19
.
.0607 .0647 .0635 .0937
2000 .12 .0432 .0512 .0506 .0352
.03 .0375 .0410 ,0425 .0753
2000 .11 .0447 .0483 .0490 . 0836
5000 .19 .0532 .0620 .0624 .0963
8000 .25 .0707 .0753 .0751 .1097
11000 .32 .0825 .0878 .0870 .1223
13000 .36 .0914 .0968 .0960 .1314
14000 .40 .0964 .1015 .1010 .1364
Remarks
Note . -Zero reading for Ver-
nier III should be
.
0250
It was disturbed and reset
at .0290
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TABLE 14.
BEAM 110.24.
4 3/4-in. Plain Round Rods—Low Steel,
Applied DeflVi Extenso.-neter Reading
Load in.
lb. I II III IV
13000 .37 .0939 .0988 .0986 .1335
11000 .34 .0891 .0920 .0923 .1256
8000 .29 .0796 .0798 .0811 .1144
5000 .22 .0676 .0661 .0682 .1008
2000 .14 .0566 .0525 .0551 .0870
.09 .0463 .0422 .0460 .0773
2000 .12 .0533 .0497 .0530 . 0843
5000 .21 .0682 . 0643 .0673 .0991
8000 .27 .0803 .0771 .0794 .1116
12000 .35 .0963 .0942 .0953 .1239
14000 .41 .1059 .1031 .1045 .1379
15000 .44 .1104 .1083 .1101 .1432
15600 .47 .1145 .1120 .1145 .1468
15300 .52 .1152 .1125 .1170 .1453
15100
.
57 .1183 .1150 .1230 .1478
13700 .72 .1231 .1145 .1312 .1460
Remarks
Diagonal crack outside load
point- 4-1/4 in. from top.
Maximum load-15600 lb.
Beam failed by dia;^onal
tension. The crack passed
under the load point and
concrete began to crush
at top near load point
just when maximum was
reached. Load remained
constant at 15100 lb. until
concrete split off below
the rods,allov/ing them
to slip.

TABLiil 15.
BEAM NO. 28.
4 3/4-in. Plain Round Bars—Low Steel.
Applied Defl'n Extensometer Reading
Load in.
lb. I II III IV
.00 .0000 . 0000 .0000 .0000
1000 .03 .0049 . 004.1 .0049 .0055
2000 .04 .0101 .0087 .0095 .0112
.01 .0020 .0022 .0022 .0024
2000 .04 .0109 .0096 .0101 .0094
3000 . 08 .0165 .0147 .0154 .0153
2000 .06 .0136 .0126 .0125 .0117
.02 0038 .0040 .0039 .0042
3000 .03 .0163 .0147 .0152 .0142
4000 .10 . 0224 .0201 .0210 .0195
3000 .09 .0192 .0178 .0179 .0167
.03 .0054 .0056 .0054 .0055
3000 .09 .0136 .0167 .0173 .0150
5000 .14 .0298 .0264 .0279 .0258
4000 .13 .0263 .0237 .0245 .0225
.
03 .0077 0074 .0074 .0072
3000 .10 .0214 .0193 .0197 .0182
5000 .15 .0311 .0274 .0239 .0266
6000 .18 .0377 .0329 .0352 .0322
5000 .16 .0345 .0300 .0330 .0290
3000 .12 .0265 . 0232 .0244 .0213
.04 . 0105 .0090 .0099 .0090
3000 .10 .0247 .0214 .0228 .0206
5000 16 .0354 .0306' .0328 .0293
7000
.
21 .0462 .0397 .0433 .0391
6000 .20 .0435 .0372 .0405 .0363
4000 .15 .0349 .0294 .0321 .0286
05 .0132 .0104 .0125 .0107
3000 .12 .0282 .0232 .0257 .0225
7000 .20 .0475 .0403 . 0446 .0399
8000 .25 .0559 .0466 .0473 .0469
7000 .23 .0525 .0442 .0450 .0443
5000 .20 .0455 .0372 .0423 .0370
2000 .12 .0302 .0236 .0270 .0232
.06 .0170 .0125 .0165 .0135
3000 .13 .0328 .0260 .0306 .0261
6000 .20 .0479 .0393 . 0455 .0396
8000 .27 .0578 .0478 .0551 .0434
9000 .29 .0653 .0541 .0627 .0550
8000 .28 .0642 .0523 .0615 .0533
3000 .13 .0413 .0315 .0392 .0322
.08 .0203 .0142 .0206 .0138
3000 .15 .0367 .0279 .0350 .0291
6000 .23 .0534 .0424 .0512 .0437
9000 .30 .0687 .0557 .0662 .0572
Remarks
Beam not injured by acci-
dent.
Two very slight cracks
between loads.

TABLE 15.
BEAM iJO.28.
4 3/4- in. Plain Round Barsr-Low Steel.
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Applied Defl'n Extensometer Reading
Load in
.
lb I II III IV
10000 . 34 .0769 .0622 . 0742 .0639
9000 . 33 .0753 . 0597 .0722 .0610
7000
. 29 .0672 .0520 .0544 .0535
4000
. 22 .0526 .0389 .0502 .0403
. 10 .0255 .0165 .0249 .0201
3000 .18 .0428 .0309 .0404 .0335
6000 . 27 .0604 .0459 .0574 .0487
9000 . 33 .0753 .0595 .0725 .0526
10000 . 37 .0319 . 0648 . 0756 .0579
11000 .40 .0902 .0711 .0868 .0746
10000 .40 .0899 .0700 .0862 . 0729
8000 . 35 .0814 .0623 .0773 .0648
5000 . 28 . 0669 .0439 .0634 .0513
.
11 .0310 .0193 .0300 .0242
3000 . 20 .0495 .0350 . 0453 .0386
6000
.
29 .0673 .0500 .0640 .0538
9000
.
37 .0839 .0644 . 0802 .0684
11000 . 41 .0958 0745 .0919 .0788
12000
.
47 .1048 . 0814 .1014 .0863
11000
.
47 .1045 .0797 .1008 .0843
9000 .41 .0960
.
0717
.
0923
.
0761
6000 . 33 .0810 . 0580 .0774 .0623
3000 . 25 .0627 . 0425 .0595 .0468
.13 .0368 . 0223 .0351 . 0290
1000 .17 . 0426 . 0269 . 0404 . 0332
4000
. 25 .0628 . 0432 . 0595 . 0492
7000
. 34 .0833 . 0604 . 0795 . 0667
10000
.
42 .0990
.
0739 . 0948 . 0804
12000
.
49 . 1114 , 0841 . 1072 . 0911
13000
. 53 .1223 . 0919 .1177 . 0990
12000 .52 .1236 . 0911 .1133 .0981
10000
. 50 .1159 .0834 .1110 .0903
7000 .41 .1014 .0699 .0967 .0757
4000 .32 .0325 .0538 .0779 .0602
.
17 .0465 0263 . 0440 .0343
2000 .22 .0592 . 0357 .0550 .0439
5000 .32 .0821
.
0547 .0773 .0619
9000 .45 .1078 .0763 .1032 .0840
12000 56 .1251 .0911 .1201 .0991
13000
. 60 .1316 .0964 .1268 .1043
14000
. 63 .1402 .1045 .1333 .1127
14300 . 70 .1407 .1095 .1475 .1170
Remarks
Two more cracks appeared.
Diagonal crack appeared
outside of load point.
Concrete began to crack
along plane of steel.
Maximum. Beam failed by
diagonal tension and split-
ting off of concrete below
rods. Sheared along crack.
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